Diethylether extracts of New Zealand liverworts Jamesoniella colorata and Bazzania novae-zelandiae were investigated to reveal novel terpenoids. The former extract afforded a new modified clerodane-type diterpenoid, and the latter gave a degraded clerodane (rearranged drimane) type sesquiterpenoid. The structures of those new compounds were established by 2D NMR spectra.
Bryophytes are classified into three classes, Musci (Mosses), Hepaticae (Liverworts) and Anthocerotae (Hornworts). Unlike mosses and hornworts, liverworts possess oil bodies in cells that contain secondary metabolites, which are mainly terpenoids and aromatic compounds. Most of the mosses and hornworts do not contain terpenoids, with few exceptions. Morphologic classification of liverworts is quite difficult, and classification of species belonging to the Jungermanniales is particularly difficult. Accordingly, the study of their chemical constituents is invaluable. For this reason, we have been investigating the chemosystematics of liverworts. These plants, including the order Jungermanniales, are rich sources of terpenoids and aromatic compounds and exhibit a variety of carbon skeletons [1] . Metabolites of the genera Jamesoniella and Jungermannia, which are near relatives morphologically, possess a unique carbon skeleton when compared with those of higher plants. Liverworts occasionally produce unique carbon skeletal constituents that have not yet been found in higher plants. The natural product chemistry of liverworts is thus of considerable interest. The Jamesoniella genus is a rich source of diterpenoids; labdane, kaurane, verrucosane, neoverrucosane, clerodane and modified clerodane type diterpenoids have been especially isolated [1] . Previous work on Bazzania species resulted in the isolation of bazzanane-and drimane-type sesquiterpenoids [1] . Both J. colorata and B. novae-zelandiae, which grow on either the trunks of deciduous plants or on rock, were collected in New Zealand. We have analyzed the constituents of these species. The diethylether extract of J. colorata was repeatedly chromatographed on silica gel and Sephadex LH-20 to give the new modified clerodane-type diterpenoid 1, in addition to known compounds: spathulenol (2) [2] , β-barbatene (3) [1], a gymnomitrane-type sesquiterpene alcohol (4) [3] and anastreptene (5) [1] , as shown in Figure 1 .
Oily compound 1 was obtained as a major constituent of this species. The EI-MS showed a molecular ion peak at m/z 372 and a base peak at m/z 150. The 1 H NMR spectrum of 1 showed the presence of three methyl groups at δ 1.34, 1.90 and 3.70 (each, s). The signal at δ 3.70 indicated the presence of a carbomethoxyl group in 1. This was supported by a characteristic carbonyl Analysis of the HMQC and HMBC spectra of 1 supports the structural assignment. In particular, the long range 1 H-13 C correlation of the methyl proton at δ Η 1.34 with the methylene carbon at δ C 35.0 (C-6), methine carbon at δ C 39.1 (C-10), quaternary carbon at δ C 37.6 (C-5), and sp 2 carbon at δ C 137.7 (C-4), supports the positioning of the methyl group at a ring junction. Proton signals at δ H 1.52 (H-6α) and 2.54 (H-6β) were spin-spin coupled to a methine proton at δ H 2.75 (H-7), and the HMBC spectrum of 1 showed a correlation between the methine proton (H-7) and carbonyl and methyl carbons at δ C 208.4 and 29.2, respectively. This is evidence for the attachment of an acetyl group at C-7. The methine proton (H-7) spin coupled to δ H 2.56, and further coupled to δ H 5.01 (H-12) and 2.85 (H-9). The H-9 proton correlated to an ester carbonyl carbon at δ C 174.7 (C-20), indicating the presence of the γ-lactone ring of 1; this assignment was further supported by an absorption band at 1775 cm -1 in its IR spectrum.
Since correlation of the remaining ester carbonyl carbon at δ C 167.1 (C-18) with a sp 2 methine proton at δ H 7.00 (H-3) was observed, it is clear that the carbomethoxyl group was attached to a sp 2 carbon (C-4). All proton and carbon signals were carefully assigned by 2D NMR techniques, which elucidated the carbon skeleton of 1 ( Table 1) .
Stereochemistry of 1 was deduced by NOESY analysis, as shown in Figure 2 . Significant correlation between the methyl group at δ H 1.34 (H 3 -19) and H-10 provided evidence for a cis ring junction at C-5 and C-10 ( Figure  2a ). Correlation between the methyl group (H 3 -19) and H-9, and between H-1α and H-11, demonstrated that the γ-lactone ring was trans-fused. Further correlation between H-7 and the methyl group (H 3 -19) and H-12, displayed that the acetyl group and furan ring were α-oriented ( Figure 2b ). Compound 1 is considered a novel natural product, having a modified clerodane-type diterpenoid skeleton, although its absolute configuration remains to be clarified.
Up to now, the diterpenoids of Jamesoniella species that have been investigated have been of the clerodane-type, as well as modified related diterpenoids.
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No. For example, clerodane-type diterpenoid 6 [4] and its modified skeletal diterpenoids 7 [5] , 8 [4] , and 9 [6] have been isolated from J. autumnalis, as shown in Figure 3 .
These terpenoids were divided into two types by tentative biogenetic routes, either C8-C9 or C9-C10 cleavage routes, such as shown in Figure 4 . The carbon skeleton of 1 is considered as a C8-C9 cleavage type, with C-7 subsequently bound to C-11. This is the first example of the isolation of a C8-C9 cleavage type compound from J. colorata, although the C9-C10 cleavage route of modified clerodane diterpenoid 9 [7] has been previously determined.
Bazzania novae-zelandiae
The diethylether extract of Bazzania novae-zelandiae was repeatedly chromatographed on silica gel and Sephadex LH-20 to give the new degraded clerodane (rearranged drimane) type sesquiterpenoid 10, in addition to known compounds: pinguisenol (11) [8] , naviculol (12) [9] , and, the major constituent, naviculyl caffeate (13) [10] , as shown in Figure 5 . The IR spectrum of 10 showed a characteristic hydroxyl absorption band at 3350 cm -1 and an α, β-unsaturated carbonyl group at 1681 cm -1 . The presence of the α, βunsaturated carbonyl was apparent from the UV absorptions at 217, 247, 301 and 331 nm. TLC analysis, using visualization with a solution of ferric chloride in hydrochloric acid, demonstrated the presence of a phenolic hydroxyl group. The EI-MS exhibited a molecular ion peak at m/z 384, and high resolution analysis gave the molecular formula as C 24 H 32 O 4 (9 degrees of unsaturation was determined). The 1 H NMR spectrum of 10 showed four methyl groups at δ H 0.98, 1.60, 1.07 and 1.03, and oxygenated methylene protons at δ H 4.09 and 3.89. Further resonances of trans disubstituted olefinic protons at δ H 6.27 and 7.57 (each d, J=16 Hz), a trisubstituted olefinic proton at δ H 5.18, and trisubstituted aromatic protons at δ H 6.89, 7.00 and 7.12 were observed. The 13 C NMR spectrum of 10 showed 24 carbons, including four methyl groups, an oxygenated methylene, ten sp 2 carbons and an ester carbonyl carbon. The gross structure of 10 was proved by extensive 2D NMR experiments involving the determination of its 1 H-1 H COSY, HMQC, and HMBC spectra. HMBC demonstrated key correlations between methyl signals at δ H 1.60 (H 3 -13), sp 2 carbons at δ C 143.9 (C-4) and 120.2 (C-3), and a sp 3 carbon at δ C 37.9 (C-5). The quaternary sp 3 carbon (C-5) correlated with the methyl signal at δ H 1.07, which further correlated with δ C 143.9 (C-4), 41.4 (C-10) and 30.2 (C-6) by HMBC spectral analysis of 10. This supported the position of the two methyl groups as vicinal dimethyl. Further correlation between the tertiary methyl protons at δ H 1.03 (H 3 -15) and δ C 38.5 (C-9), 41.4 (C-10), 35.5 (C-8) and 72.0 (C-11) supported that the sp 3 quaternary carbon at δ C 38.5 (C-9) was substituted by a methyl carbinyl group (C-11), a tertiary methyl (C-15) and methine carbon (C-8). The oxygenated methylene protons at δ H 3.89 and 4.09 (each d, J=10 Hz) (H 2 -11) further correlated with an ester carbonyl carbon at δ C 168.4 (C-1'), which correlated with trans sp 2 protons at δ H 6.27 and 7.57 (each d, J=16 Hz) in the HMBC spectrum of 10. Three mutually spin coupled aromatic ring protons at δ H 6.89 (d, J=8 Hz), 7.00 (dd, J=8, 2 Hz) and 7.12 (d, J=2 Hz) support the presence of a 1, 3, 4trisubstituted aromatic ring in 10.
Stereochemical assignments at centers C-5, C-8, C-9 and C-10 of 10 were inferred from NOESY analysis. Cross peaks between H 3 -14 and H 3 -15, H 3 -12 and H 2 -11, and H-10 and H 2 -11 ( Figure 2c) were observed, indicating their position on the same side of the molecule. Accordingly, the structure of 10 was elucidated as shown in Figure 5 , although its absolute configuration remains to be clarified. Blepharostol (14), a diastereomer of compound 10 at C-8, 9 and 10, has been previously isolated from the dichloromethane extract of the liverwort Blepharostoma trichophyllum [11] . During the formation of the ring system of sesquiterpenoids from farnesyl pyrophosphate (FPP), a 1, 2-hydrogen shift from C-9 to C-8, a 1, 2-methyl shift from C-10 to C-9, and a 1, 2-hydrogen shift from C-5 to C-10 of drimane cation 15 is likely to produce the two diastereomeric sesquiterpenoids 10 and 14 [12] . It is conceivable that 10 and 14 are either degraded clerodane-type or rearranged drimane-type sesquiterpenes since liverworts are known sources of both drimane and clerodane compounds [1] .
Experimental
General: TLC was carried out on silica gel precoated glass plates with n-hexane-EtOAc (1:1 and 4:1). Detection was with Godin reagent [13] . For normal phase column chromatography (CC), silica gel 60 (40-63μm) was used. CH 2 Cl 2 -MeOH (1:1) was used for CC on Sephadex LH-20. NMR spectra were recorded at 150 MHz for 13 Bazzania novae-zelandiae (dry weight 15 g) was dried for 1 week, the impurities removed, and then ground mechanically and extracted with Et 2 O for 2 weeks. The Et 2 O extract (1.10 g; 7.3 %, dry weight) was subjected to chromatography on silica gel using a n-hexane-EtOAc gradient, giving 4 fractions (I-IV). Fr. I (250 mg) was subjected to rechromatography on Sephadex LH-20 to give a sesquiterpene alcohol (11) (128.9 mg; 11.7% of the total extract), whose spectral data were identical to those of pinguisenol [8] . Frs II (80 mg) and IV (30 mg) when rechromatographed on Sephadex LH-20, gave a mixture of 12 from fr. II and a mixture of 2 from fr. IV, respectively. The mixtures were further purified by preparative HPLC on silica gel using n-hexane-EtOAc (9:1 v/v) to afford alcohol 2 (4.9 mg; 0.45%) and 12 (35.9 mg; 3.2%), respectively. Fr. III (125 mg) was further purified by preparative HPLC on silica gel using n-hexane-EtOAc (9:1 v/v) to afford a new sesquiterpene (10) (18.7 mg; 1.7%) and 13 [10] (66.7 mg; 6.1%). 
